Introduction
============

Since the 1980s it has been increasingly accepted at all levels of the educational system that ultimately the quality of teaching and learning processes must be evaluated by analyzing results and outcomes. Acquiring competencies to solve professional as well as everyday problems is considered the most important outcome in this regard \[[@R1]\], \[[@R2]\].

This paradigm shift can also be found in the medical realm, yet primarily in the English-speaking countries \[[@R3]\]. The CanMEDS-Project of the Royal College of Physicians and Surgeons of Canada \[[@R4]\] is probably the best known example. This framework conceptualizes the professional activities of physicians as seven roles that allow the definition of respective competencies and obligations. Other examples of such frameworks have been put forward by the Accreditation Council for Graduate Medical Education (ACGME, <http://www.acgme.org/outcome>) or Brown University \[[@R5]\] and comprise similar competency profiles. Although no comparable framework exists for Germany, Öchsner and Forster \[[@R6]\] pointed out that the latest (2002) version of the Medical Licensure Act (Approbationsordnung für Ärzte, ÄAppO) that regulates a number of important issues in German medical education implicitly defines similar roles that -- taken together -- might be used to describe the competencies of medical graduates. Based on these considerations we developed a questionnaire to assess these competencies, the "Freiburg Questionnaire to Assess Competencies in Medicine" (Freiburger Fragebogen zur Erfassung von Kompetenzen in der Medizin, FKM).

Competencies
============

Numerous attempts have been made to define "competence". A much acknowledged definition by Weinert \[[@R7]\], \[[@R8]\] identifies competencies as

"...*individually available or learnable cognitive abilities and skills to solve certain problems, associated with the motivational, volitional, and social willingness and abilities to use this problem solving capability in diverse situations successfully and responsibly*"

(translation by the authors). Thus, competencies are understood as complex and context-specific dispositions that are acquired by learning and needed to successfully deal with tasks and situations.

With regard to medical competencies, just as many definitions exist. Perhaps the most substantial one among these has been put forward by Epstein and Hundert \[[@R9]\] who propose that \"professional competence is the habitual and judicious use of communication, knowledge, technical skills, clinical reasoning, emotions, values, and reflection in daily practice for the benefit of the individual and community being served." This definition emphasizes that in medical practice competencies manifest themselves in various ways mostly without conscious reflection (although they can be made conscious, at least partly).

Construction of the Freiburg Questionnaire to Assess Competencies in Medicine (FKM)
===================================================================================

As the Medical Licensure Act (ÄAppO) defines the educational objectives, knowledge, abilities and skills a medical graduate must master it was used as the conceptual basis for the questionnaire development. We furthermore incorporated the work of Öchsner and Forster \[[@R6]\] who employed the content of section 1 and 28 of the ÄAppO to develop a profile of competencies for medical graduates. As a first step, our working group at Freiburg Medical School added "scholarship" as a further domain of competence. Then, items were developed for every domain of competence. In interviews with final year students we checked whether these items were comprehensible. Students' suggestions from these interviews were integrated in the first version of the questionnaire which consisted of 36 items in seven domains of competence. In a pilot study with 48 final year students and 42 residents the reliabilities of the scales that correspond to the seven domains were satisfactory (Cronbach's α ranging from .68 to .88). However, to increase the reliability of some of the scales more items were added. Furthermore, to complete the content of the questionnaire we also added two more domains of competence, "communicative competence" and "personal competence". Thus, in its current (2^nd^) version the FKM consists of 45 items. The domains of competence are listed in Table 1 [(Tab. 1)](#T1){ref-type="fig"} with corresponding sample items.

Structure of the FKM
--------------------

Each item of the FKM is to be rated twice: Firstly with regard to the respondent's current level of competence or the respondent's level of competence at the time of graduation (retrospective rating) and secondly with regard to the level of competence that respondents think is required by their job. While item content is identical for different target groups (e.g. students from different academic years, residents) the instruction on how to rate the items differs between groups.

For students the instruction reads:

"To what extent do you have the following competencies at your disposal?""To what extent will your future job require the following competencies?"

All items are to be rated on a five-point Likert-scale. With regard to current level of competence as well as to the level of competence demanded by the job the endpoints of the scale are labeled 1 "very little" and 5 "very much"^2^.

For *residents*, another target group of the FKM, the instructions are as follows:

"To what extent did you have the following medical competencies at the time of your graduation at your disposal?""To what extent are the following abilities/competencies required by your current job?"

Again, five-point Likert-scales were used for this version of the questionnaire (1 "not at all", 5 "very much").

Studies
=======

To determine the reliability and validity of the FKM we conducted several studies with different target groups (e.g. students from different academic years, residents) starting in May 2008. In this article we report the results of two studies.

Methods
-------

In both studies item analyses were computed for each scale, using Cronbach's α to determine its internal consistency. With regard to validity we were specifically interested in analyzing the construct validity of the FKM. This means that a respective construct is placed within a network of conceptual and empirical hypotheses, which are then tested empirically \[[@R10]\]. Following this approach we analyzed whether medical students from different academic years differed with regard to their rated level of competencies.

Differences between groups of students were tested by means of t-tests and ANOVAs. A posteriori comparisons were performed by means of Scheffé-tests. With regard to the ANOVAs η^2^ was used as effect size measure that represents the proportion of the variance explained by the factor of interest.

All statistical analyses were performed with SPSS, version 17.0.

Study 1: Students
-----------------

**Sample:** During the summer term 2008 students from the first up to the fourth academic year at Freiburg Medical School were requested to fill out the FKM (version 1) as part of the regular end of term evaluation.

698 students participated. The response rate was 75% for the first and 59% for the second year students. In the third year (the first clinical year) the response rate was 43%, in the fourth it was 33%. About 60% of the participants were women, 13% had completed a vocational training in health care (e.g. as nurses or paramedics) prior to their medical studies and 3% had completed vocational training outside the health care system.

**Results:** Based on the data of the total sample, we calculated coefficients of internal consistency. Values for Cronbach's α ranged from .76 to .92 for the FKM-scales addressing the current level of competencies (see Table 2 [(Tab. 2)](#T2){ref-type="fig"}). With regard to the scales measuring the presumed level of competencies demanded by the job consistency-coefficients ranged from .84 to .97. All scales addressing the current level of competencies were strongly intercorrelated, with correlation coefficients varying between r=.49 and r=.76 with a median of .63. The intercorrelations of the FKM-scales aimed at the presumed level of competence demanded by the job are also significant, ranging from r=.64 to r=.91 with a median of .79. Further inspection revealed that for both types of scales the intercorrelations between scales decreases as the number of the respondents' academic years increases. The medians of the intercorrelations of the scales aiming at the current level of competencies are .61, .59, .41 and .52, those of the scales aiming at the demanded level of competencies are .80, .85, .73 and .70. In line with that trend item level factor analyses show that increasingly more factors are needed to explain the item intercorrelations within the groups of the more senior students. For student groups in their academic year 1 through 4, the number of eigenvalues greater than 1 is 6, 6, 9 and 9 with regard to the items aiming at the current level of competencies and 3, 3, 5 and 7 for the items aiming at the demanded level of competencies.

Further analyses reveal (see Table 2 [(Tab. 2)](#T2){ref-type="fig"}) significant differences in all competence domains between the ratings of the current level of competencies and the presumed level of competencies demanded by the job. The means of scales aiming at the presumed level of demanded competencies are significantly higher than the means of scales aiming at the current level of competencies.

In addition, there are significant differences between students from different academic years with regard to the mean ratings of competencies (see Table 3 [(Tab. 3)](#T3){ref-type="fig"}). Figure 1 [(Fig. 1)](#F1){ref-type="fig"} shows the means of the FKM-scales for the ratings of the current level of competencies by academic year. With regard to medical expertise the Scheffé-tests revealed differences between all four groups of students. With regard to the other competence domains Scheffé-tests revealed significant differences between the pre-clinical years (year 1 and 2) and the clinical years (year 3 and 4). Students in the preclinical years rate their current level of competencies significantly lower than students in the clinical years.

With regard to the presumed level of competencies demanded by the job the differences are less pronounced (see Table 3 [(Tab. 3)](#T3){ref-type="fig"} and Figure 2 [(Fig. 2)](#F2){ref-type="fig"}). Students in the preclinical years rate demanded medical expertise significantly lower than students of in their clinical years. Further differences can be found with regard to team competence: Ratings from students in second year are significantly lower than ratings from students in fourth year. Additionally, significant differences exist with regard to scholarship: Students from the clinical years presume a higher demand in this regard compared to their peers from the first preclinical year.

Finally (see Table 4 [(Tab. 4)](#T4){ref-type="fig"}, Figures 3 [(Fig. 3)](#F3){ref-type="fig"} and 4 [(Fig. 4)](#F4){ref-type="fig"}), students who had completed vocational training in the health care system prior to their medical studies rated their current medical expertise, their team competence and their competence to promote health and prevention significantly higher than students with no such training or students with a professional background outside health care. Also, students with prior vocational training in health care and students with no such training rated the presumed level of competencies demanded by the job significantly higher than students with professional training outside the health care system in four out of seven domains. However, the respective η^2^-coefficients clearly show that academic year is of much greater relevance than prior professional experience.

**Discussion:**The reliability of the FKM-scales is satisfactory to very good. Since the current conceptual frameworks of medical competencies and physician's roles (such as CanMEDS) presume that these competencies and roles share common elements, we expected to find low to medium intercorrelations between the FKM-scales. However, the actual intercorrelations of the scales regarding the current level of competencies and the scales intercorrelations focusing on the presumed level of competencies demanded by the job are in part much greater than expected. One possible explanation for this might be a response set: due to a lack of experience \[[@R11]\], \[[@R12]\], \[[@R13]\] the respondents might consider the differences between the different domains of competencies as rather small which might cause them almost naturally to give concordant ratings on each of the scales. This might hold especially true for the presumed level of competencies demanded by the job. The observation that the intercorrelations of the scales for current competencies and demanded competencies decline with length of medical studies may be interpreted as supporting this explanation.

The differences reported with regard to the ratings of the current level of competencies correspond to the anticipated course of study progress. This result may be taken as supporting the validity of the measure if one is willing to assume that medical education actually leads to such an increase in competence. However, a response bias may also be a plausible explanation insofar as the very thought of having spent considerable time in medical school per se may lead respondents to assume to have acquired increased competencies. Other results supporting the construct validity of the FKM refer to the self-assessment of those participants who completed vocational training in the health-care system prior to their medical studies. These students rate the current level of their competencies significantly higher in just those domains (medical expertise, team competence, competence in promoting health and prevention) for which a higher level can be expected on the basis of prior professional experience.

Study 2: Residents
------------------

**Sample:** In cooperation with the International Center for Higher Education Research (INCHER) a graduate survey was conducted at many German universities during the winter term 2009/2010 to learn more about the graduates' vocational situation up to two years after their graduation and how they would evaluate their studies retrospectively. All medical schools in the federal state of Baden-Württemberg participated in that survey. Of the 1228 graduates of the academic year 2008 contacted, 514 (42%) completed the extensive questionnaire (61% women, 38% men, 1% provided no information on their sex). On average the participants were 29.5 years (SD=3.6) old and had studied medicine for 13.0 terms (SD=2.2). More than 90% of the participants were already employed for up to two years.

**Results:**The reliability of the FKM-scales (version 2) requesting a retrospective rating of the level of competencies at the time of graduation is satisfactory (Cronbach's α between .68 and .90, see Table 5 [(Tab. 5)](#T5){ref-type="fig"}). The respective values for the FKM-scales referring to the level of competencies currently demanded by the job vary between .73 and .93. The intercorrelations of the scales referring to the retrospective ratings of competencies at the time of graduation are all significant, with coefficients varying between r=.34 and r=.60 (median=.45). Similarly, the scales referring to the level of competencies currently demanded by the job also correlate significantly with coefficients varying between .20 and .67 (median=.43).

As t-tests for dependent samples (see Table 5 [(Tab. 5)](#T5){ref-type="fig"}) reveal, the retrospective ratings of the level of competencies at time of graduation differ from those of the level of competencies currently demanded by the job in seven of the nine domains. In these domains, the level of demanded competencies is rated significantly higher than the level of competencies at time of graduation. The largest differences -- in terms of "standardized response means" (SRM), i.e. the difference of the means divided by the standard deviation of the difference scores -- are to be found in the domains of medical expertise (SRM=-.84), communicative competence (SRM=-.68), and team competence (SRM=-1.04). In the domains of competence to promote health and prevention as well as in the domain of scholarship no significant differences were found between the retrospective ratings and the ratings of the currently demanded level of competencies.

**Discussion:**Again, the reliability of the FKM-scales turns out to be satisfactory to very good. The intercorrelations of the scales referring to the retrospective ratings of competencies and of those referring to the level of competencies currently demanded by the job demonstrate that the scales are not independent from each other. Nevertheless the size of these correlations does by no means imply that the scales are measuring the same construct. Comparing the retrospective ratings of competencies with the ratings of the currently demanded level of competencies one finds that aside from the domain of medical expertise the largest differences between these two types of ratings are found in the domains of communicative and team competence. This is in line with other graduate studies that also revealed striking shortcomings within the domain of psychosocial competencies \[[@R14]\]. Thus, discrepancies become manifest in part in those domains which are not yet comprehensively implemented in the German medical curricula \[[@R15]\].

Summary and conclusions
=======================

In this study we analyzed the reliability and (construct) validity of the Freiburg Questionnaire to Assess Competencies in Medicine (FKM) based on a survey with medical students (first to fourth academic year) and a survey with residents. Our results show that the scales of the FKM are sufficiently reliable. In the cross-sectional analysis with medical students from the first to the fourth academic year we found relatively high intercorrelations between these scales: Correlations between the scales referring to the assumed level of competence demanded by the job were the highest. However, further analyses revealed that these intercorrelations decline as the number of academic years increases. Thus, we assume that with students' cumulative experience (e.g. through clinical rotations and placements) their ratings of competencies become more and more differentiated. This hypothesis is supported by the moderate intercorrelations found in the study with the residents. These had graduated in the academic year 2008 and had already been employed for about 1.5 to 2 years. Against this background we would recommend to use the FKM only from the clinical years onwards.

Initial evidence supporting the construct validity of the FKM comes from the analyses of the competence ratings of students, who had completed a vocational training in the health care system (e.g. as nurses or paramedics) prior to their studies. As expected, the ratings of these students are higher compared to those of their fellow students with regard to medical expertise, team competence and competence to promote health and prevention. In addition, the results from the study with junior residents reveal that in retrospect they perceive deficiencies in medical education not only in the domain of medical expertise but exactly in those domains that are barely integrated to the medical curricula yet: communicative competence and team competence.

Finally, we would like to stress that the self-rating instrument presented here measures medical competence on a relatively general level. To measure medical competence with a greater degree of differentiation more specific operationalizations are called for. This would also contribute to a better differentiation of the domains of competencies presented here. In any case, further studies on the validity of the FKM are needed. In particular, it is especially important to address criterion-related validity to determine whether self-ratings of competencies correspond to objective indicators or external ratings of competencies. Insofar systematic differences exist between ratings of different domains of competence we think that the FKM helps detect shortcomings within medical education. This can be achieved either by using the FKM-scales or by analyzing single items as in the analyses of the graduate survey by INCHER \[[@R16]\].

Note
====

^1^ A copy of the questionnaire can be requested by contacting the corresponding author.

^2^ In the graduate survey conducted by INCHER the Likert-scales are labeled: 1 "very much" and 5 "not at all". Following the conventions in the psychological literature where higher numbers usually represent a higher level of a respective variable we decided to reverse the scoring of the scales for the analyses presented here.
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